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Summary
Background Raised blood pressure is common in acute stroke, and is associated with an increased risk of poor 
outcomes. We aimed to examine whether careful blood-pressure lowering treatment with the angiotensin-receptor 
blocker candesartan is benefi cial in patients with acute stroke and raised blood pressure.

Methods Participants in this randomised, placebo-controlled, double-blind trial were recruited from 146 centres in 
nine north European countries. Patients older than 18 years with acute stroke (ischaemic or haemorrhagic) and 
systolic blood pressure of 140 mm Hg or higher were included within 30 h of symptom onset. Patients were randomly 
allocated to candesartan or placebo (1:1) for 7 days, with doses increasing from 4 mg on day 1 to 16 mg on days 3 to 7. 
Randomisation was stratifi ed by centre, with blocks of six packs of candesartan or placebo. Patients and investigators 
were masked to treatment allocation. There were two co-primary eff ect variables: the composite endpoint of vascular 
death, myocardial infarction, or stroke during the fi rst 6 months; and functional outcome at 6 months, as measured 
by the modifi ed Rankin Scale. Analyses were by intention to treat. The study is registered, number NCT00120003 
(ClinicalTrials.gov), and ISRCTN13643354.

Findings 2029 patients were randomly allocated to treatment groups (1017 candesartan, 1012 placebo), and data for 
status at 6 months were available for 2004 patients (99%; 1000 candesartan, 1004 placebo). During the 7-day treatment 
period, blood pressures were signifi cantly lower in patients allocated candesartan than in those on placebo (mean 
147/82 mm Hg [SD 23/14] in the candesartan group on day 7 vs 152/84 mm Hg [22/14] in the placebo group; 
p<0·0001). During 6 months’ follow-up, the risk of the composite vascular endpoint did not diff er between treatment 
groups (candesartan, 120 events, vs placebo, 111 events; adjusted hazard ratio 1·09, 95% CI 0·84–1·41; p=0·52). 
Analysis of functional outcome suggested a higher risk of poor outcome in the candesartan group (adjusted common 
odds ratio 1·17, 95% CI 1·00–1·38; p=0·048 [not signifi cant at p≤0·025 level]). The observed eff ects were similar for 
all prespecifi ed secondary endpoints (including death from any cause, vascular death, ischaemic stroke, haemorrhagic 
stroke, myocardial infarction, stroke progression, symptomatic hypotension, and renal failure) and outcomes 
(Scandinavian Stroke Scale score at 7 days and Barthel index at 6 months), and there was no evidence of a diff erential 
eff ect in any of the prespecifi ed subgroups. During follow-up, nine (1%) patients on candesartan and fi ve (<1%) on 
placebo had symptomatic hypotension, and renal failure was reported for 18 (2%) patients taking candesartan and 
13 (1%) allocated placebo.

Interpretation There was no indication that careful blood-pressure lowering treatment with the angiotensin-receptor 
blocker candesartan is benefi cial in patients with acute stroke and raised blood pressure. If anything, the evidence 
suggested a harmful eff ect.

Funding South-Eastern Norway Regional Health Authority; Oslo University Hospital Ullevål; AstraZeneca; Takeda.

Introduction
Raised blood pressure is common in patients with acute 
stroke, and is associated with poor short-term and long-
term outcomes.1–3 The hypertensive response can have 
several causes, including inadequately treated or 
undiagnosed hypertension, stress response with 
activation of neuroendocrine systems, damage to 
autonomic centres in the brain, and increased intra-
cranial pressure.4

The optimum management of blood pressure in 
acute stroke is not known,5 and current practice is to 
accept high blood pressure in this situation.6–8 Under 

normal circumstances, cerebral autoregulation sustains 
constant cerebral blood fl ow across an extensive range 
of systemic blood pressures.9 In acute stroke, the 
autoregulatory mechanism can be impaired or 
damaged, and cerebral tissue perfusion relies on 
systemic blood pressure. In this situation, blood-
pressure reduction can compromise perfusion of the 
penumbra and cause further infarction, as suggested 
by a small trial of intravenous nimodipine.10 Conversely, 
high blood pressure can cause brain oedema or 
haemorrhage, and data from the International Stroke 
Trial2 showed a clear association between systolic blood 
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pressure in the acute phase and early death and poor 
long-term outcome.

The angiotensin-receptor blocker candesartan has 
shown promising eff ects on infarct size and neurological 
status in several experimental studies.11,12 The ACCESS 
study13 of 342 patients with acute stroke and high blood 
pressure suggested that treatment with candesartan 
during the fi rst week of stroke reduces the incidence of 
vascular events and deaths during the fi rst 12 months 
(odds ratio [OR] 0·48, 95% CI 0·25–0·90). The 
mechanisms by which angiotensin-receptor blockers can 
aff ect the risk of death and vascular events are unknown. 
Studies of angiotensin-converting enzyme (ACE) 
inhibitors and angiotensin-receptor blockers in cardio-
vascular disease suggest specifi c neuroprotective eff ects 
beyond the eff ects of blood-pressure lowering,14–16 but 
whether similar eff ects can be seen in acute stroke 
remains to be shown. We aimed to assess whether careful 
blood-pressure lowering treatment with candesartan is 
benefi cial in a wide range of patients with acute stroke 
and raised blood pressure.

Methods
Study design and participants
The Scandinavian Candesartan Acute Stroke Trial 
(SCAST) was a north European, multicentre, 
randomised, placebo-controlled, double-blind trial of 
candesartan in patients with acute stroke and raised 
blood pressure. Details of the design have been reported 
elsewhere.17 Patients aged 18 years or older with a 
clinical diagnosis of stroke (ischaemic or haemorrhagic), 

presenting within 30 h of symptom onset and with 
systolic blood pressure higher than 140 mm Hg were 
potential candidates for inclusion. Exclusion criteria 
were contraindications to or current treatment with an 
angiotensin-receptor blocker, markedly reduced con-
sciousness (Scandinavian Stroke Scale [SSS] 
consciousness score ≤2),18 clear indication, in the 
clinician’s view, for an angiotensin-receptor blocker 
during the treatment period (eg, patients with chronic 
heart failure and intolerance to ACE inhibitors), clear 
indication for antihypertensive treatment during  the 
acute phase of stroke, known premorbid modifi ed 
Rankin Scale (mRS) score of 4 or more,19 life expectancy 
of 12 months or less, patient unavailability for follow-
up, and pregnancy or breastfeeding.

Written informed consent was sought from all patients. 
Non-written or waiver of consent was accepted only after 
approval from the ethics committees. The trial complied 
with Good Clinical Practice standards and with the 
Declaration of Helsinki.20 The study is registered, number 
NCT00120003 (ClinicalTrials.gov), and ISRCTN13643354. 
The EudraCT number is 2004-002187-22.

Randomisation and masking
Patients were allocated in a 1:1 ratio to treatment with 
candesartan or placebo. The randomisation sequence 
was computer-generated and stratifi ed by centre, with 
blocks of six packs of candesartan or placebo. Patients 
and investigators were masked to treatment allocation; 
the candesartan and placebo tablets were identical in 
appearance and came in prepacked, consecutively 
numbered drug packs. Randomisation was done centrally 
via a secure website. Each patient was assigned a 
randomisation number and received tablets from the 
corresponding drug pack. If internet access was not 
available, investigators could use the drug pack with the 
lowest number.

Procedures
Demographic and clinical characteristics were recorded 
before randomisation. Blood pressure was measured 
twice with an interval of 10 min with a validated, 
automated blood pressure monitor (UA-767 Plus 30, 
A&D Medical, San Jose, CA, USA). The fi rst dose of trial 
treatment was administered within an hour of the last 
reading. There was a fi xed-dose escalation scheme: 4 mg 
on day 1, 8 mg on day 2, and 16 mg on days 3–7. Patient 
compliance was assessed by daily recordings of the doses 
that the patients received. Blood pressure was measured 
daily during the morning round with the patient in the 
supine position, after 5 min of rest, using the automated 
monitor provided and the same arm that was used at 
randomisation. Dose adjustments were made if systolic 
blood pressure was lower than 120 mm Hg or when 
clinically indicated. All patients received standard 
treatment in stroke units, and therapeutic agents other 
than angiotensin-receptor blockers could be administered 

2029 patients included

1017 allocated candesartan
20 with SSS consciousness

score ≤2
11 without stroke (8 withTIA)

5 with premorbid mRS
score ≥4

1 with a symptom
duration >30 h

1 with ongoing treatment
with ARB

16 not given treatment
per protocol

1 lost to follow-up
16 withdrew consent

1017 included in ITT analysis of
composite vascular endpoint

1000 included in ITT analysis
of functional outcome at
6 months

3 lost to follow-up
5 withdrew consent

1012 included in ITT analysis of
composite vascular endpoint

1004 included in ITT analysis
of functional outcome at
6 months

1012 allocated placebo
20 with SSS consciousness

score ≤2
11 without stroke (5 with TIA)

2 with premorbid mRS
score ≥4

1 with a symptom
duration >30 h

1 with ongoing treatment
with ARB

8 not given treatment
per protocol

Figure 1: Trial profi le
SSS=Scandinavian Stroke Scale. TIA=transient ischaemic attack. mRS=modifi ed 
Raskin Scale. ARB=angiotensin-receptor blocker. ITT=intention to treat.
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at the local investigators’ discretion, including additional 
antihypertensive drugs in case of severe and sustained 
hypertension.

Clinical visits took place on day 7 and at 1 and 6 months. 
At 3 months, the trial coordinating centre did a telephone 
or postal interview. To avoid important diff erences in 
treatment during follow-up, candesartan was the advised 
antihypertensive treatment and was provided free of 
charge. All treatment during follow-up, including 
treatment with candesartan, was left to the discretion of 
the investigators.

There were two co-primary eff ect variables: the 
composite endpoint of vascular death, non-fatal 
myocardial infarction, or non-fatal stroke during the fi rst 
6 months; and functional status at 6 months, as measured 
by mRS. Secondary eff ect variables were death from all 
causes, vascular death, ischaemic stroke, haemor-
rhagic stroke, all stroke, myocardial infarction, stroke 

progression, neurological status at 7 days (as measured 
by the SSS), and activities of daily living (as measured by 
the Barthel index21). Safety variables were symptomatic 
hypotension and renal failure. Stroke progression was 
defi ned as a neurological deterioration of 2 or more 
points on the SSS occurring within the fi rst 72 h of stroke 
onset and believed to be caused by the index stroke, after 
exclusion of recurrent stroke or systemic reasons for 
deterioration. The SSS has a range of 0 (maximum 
neurological defi cits) to 58 (no defi cits), and the SSS and 
the defi nitions of other serious adverse events are shown 
in webappendix pp 1–2. All serious adverse events 
reported by the investigators were adjudicated by a 
masked, independent event adjudication committee.

Data quality was monitored centrally. Additionally, a 
random sample of 10% of all centres was visited for local 
monitoring. The independent data monitoring committee 
reviewed the overall quality of the trial and undertook an 
unmasked interim analysis when half of the patients had 
been included, in accordance with the protocol.

Statistical analysis
On the basis of previous trials, we expected that 18% of 
the patients in the placebo group would have reached the 
composite vascular endpoint and that 60% would be dead 
or disabled at 6 months. We estimated that 2200 patients 
would be needed to detect an absolute risk reduction of 
6% in death or major disability (using a conventional 
fi xed dichotomy analysis) or a relative risk reduction 
of 25% for the composite vascular endpoint, with 
80% statistical power and a 5% signifi cance level. Target 
recruitment was set at 2500 patients, to account for the 

Candesartan 
(n=1017)

Placebo 
(n=1012)

Women 405 (40%) 448 (44%)

Age (years) 70·8 (11·2) 71·0 (11·0)

Systolic blood pressure (mm Hg) 171·2 (19·0) 171·6 (19·2)

Diastolic blood pressure (mm Hg) 90·3 (13·9) 90·6 (14·2)

Creatinine (μmol/L) 82·2 (21·9) 81·8 (21·5)

Qualifying event

Ischaemic stroke 862 (85%) 871 (86%)

Haemorrhagic stroke 144 (14%) 130 (13%)

Other 9 (1%) 11 (1%)

Unknown 2 (<1%) 0

SSS score 40·6 (12·3) 40·5 (12·6)

OCSP syndrome

Total anterior 79 (8%) 79 (8%)

Partial anterior 502 (49%) 486 (48%)

Posterior 153 (15%) 132 (13%)

Lacunar 279 (27%) 309 (31%)

Other 4 (<1%) 6 (1%)

Duration of symptoms (h) 17·6 (8·1) 17·9 (8·1)

Premorbid mRS score 0 (0–0) 0 (0–0)

Medical history

Hypertension 676 (69%) 670 (70%)

Diabetes mellitus 163 (16%) 157 (16%)

Current or previous atrial fi brillation 190 (19%) 186 (19%)

Previous stroke or TIA 252 (25%) 204 (21%)

Current use of an ACE inhibitor 270 (27%) 264 (27%)

Thrombolytic treatment before 
randomisation

69 (8%) 82 (9%)

Data are n (%), mean (SD), or median (IQR). Percentages are proportion of valid 
data entries, which might be lower than the number of patients in each group. 
SSS=Scandinavian Stroke Scale. OCSP syndrome=Oxfordshire Community 
Stroke Project syndrome (both ischaemic and haemorrhagic strokes included). 
mRS=modifi ed Rankin Scale. TIA=transient ischaemic attack. 
ACE=angiotensin-converting enzyme.

Table 1: Baseline characteristics

ΔSBP
ΔDBP

p (ΔSBP)

0·4
0·2

   0·62

Day 1

3·3
1·3

     0·001

Day 2

3·7
2·1

        0·0004

Day 3

5·0
2·4

     <0·0001

Day 4
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     <0·0001
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Figure 2: Blood pressure during 7 days’ treatment
ΔSBP and ΔDBP signify mean diff erence in systolic and diastolic blood pressure between the two groups; p values 
were calculated with the independent sample t test, and are for diff erence in systolic blood pressure between groups.

See Online for webappendix
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use of two co-primary eff ect variables and losses due to 
incomplete follow-up.

Analyses were done according to a detailed, 
prespecifi ed statistical analysis plan (web appen-
dix pp 3–7).17 For analysis of the composite vascular 
endpoint, we used the Cox proportional hazards 
regression model; for functional outcome, we used 
ordinal logistic regression. Both analyses were adjusted 
for age, cause of stroke (ischaemic vs all other), systolic 
blood pressure, and SSS score at baseline. Although the 
sample size calculation was based on a conventional 
fi xed dichotomy of functional outcome, the protocol 

specifi ed that an ordinal method should be used for 
analysis. The choice of ordinal logistic regression was 
based on the results of statistical research, which 
showed that ordinal methods could increase statistical 
power substantially, equivalent to allowing a reduction 
of the order of 30% in the sample size without loss of 
statistical power.22–25 Ordinal regression is based on the 
assumption that the odds ratio is the same at each 
cutpoint on the mRS, an assumption that can be tested 
with a formal test of goodness of fi t. The sliding 
dichotomy method25 and the conventional fi xed 
dichotomy method were done as sensitivity analyses. 
The Hochberg method was applied to allow for the two 
co-primary eff ect variables, so that a p value of 0·025 or 
less had to be achieved with one of the primary eff ect 
variables, or a p value of 0·05 or less had to be achieved 
with both primary eff ect variables, before a treatment 
eff ect could be claimed signifi cant at the 5% signifi cance 
level.26 This approach is conservative, since death is 
included in both co-primary eff ect variables—ie, they 
are not independent. The secondary eff ect variables 
were analysed with parametric methods if appropriate 
and non-parametric methods otherwise. Prespecifi ed 
subgroup analyses were done with the co-primary eff ect 
variables (webappendix pp 3–7).

All patients randomly assigned to treatment groups 
were included in the intention-to-treat analysis, and a 
per-protocol analysis was done on all patients treated in 
accordance with the protocol. For patients who were 
alive at 6 months, but who had not been given an mRS 
score, we carried forward the mRS score from the last 
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Figure 3: Cumulative risk of (A) vascular death, non-fatal stroke, or non-fatal myocardial infarction and (B) death from any cause during 6 months’ follow-up

Candesartan 
(n=1017)

Placebo 
(n=1012)

Hazard ratio 
(95% CI)

p value

Composite vascular endpoint 120 (12%) 111 (11%) 1·09 (0·84–1·41)* 0·52*

Components of composite endpoint

Non-fatal stroke 49 (5%) 45 (4%) ·· ··

Ischaemic 44 43 ·· ··

Haemorrhagic 5 2 ·· ··

Non-fatal myocardial infarction 8 (1%) 6 (1%) ·· ··

Vascular death 63 (6%) 60 (6%) ·· ··

Index stroke 32 36 ·· ··

New ischaemic stroke 10 5 ·· ··

New haemorrhagic stroke 4 6 ·· ··

Myocardial infarction 8 5 ·· ··

Other vascular causes 9 8 ·· ··

Data are n (%). *Adjusted for age, cause of stroke, systolic blood pressure, and Scandinavian Stroke Scale score at baseline.

Table 2: Composite vascular endpoint during 6 months’ follow-up
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hospital visit at 1 month. We used SPSS (version 18.0) 
for all analyses.

Role of the funding source
The trial coordinating centre, with assistance from the 
independent trial steering committee, was responsible for 
the conduct of the trial. The trial was funded by grants 
from the South-Eastern Norway Regional Health Authority 
and Oslo University Hospital Ullevål. AstraZeneca 
supplied the study drugs, and AstraZeneca and Takeda 
supported the trial with limited, unrestricted grants. 
AstraZeneca and Takeda’s representatives in the trial 
steering committee were non-voting and had no role in 
data collection or analysis, the writing of the report, or the 
decision to submit for publication.

Results
2029 patients were recruited from 146 centres in Belgium, 
Denmark, Estonia, Finland, Germany, Lithuania, Norway, 
Poland, and Sweden between June 5, 2005, and 
Feb 25, 2010 (fi gure 1). Patient recruitment was stopped 
before the intended sample size was reached because 
recruitment was slower than had been expected and the 
research grant expired. The decision to stop patient 
recruitment was made in May, 2009, by the trial steering 
committee. It was based purely on administrative 
grounds, without knowledge of the data.

During the trial, screening logs of all patients admitted 
with a suspected stroke were recorded at 14 centres, which 
contributed 17% of all patients. The main reasons for 
exclusion were: symptom duration of 30 h or longer 
(708 patients, 34%), systolic blood pressure lower than 
140 mm Hg (521, 25%), SSS consciousness score of 2 or 
lower (289, 14%), no limb aff ection (256, 12%), ongoing 
treatment with an angiotensin-receptor blocker (124, 6%), 
other serious disease (105, 6%), unwillingness to participate 
(69, 3%), transient ischaemic attack (TIA; 43, 2%), and 
other causes (133, 6%). Of the 2029 patients included in 
the trial, four patients were lost to follow-up and 21 with-
drew consent, but data for status at 6 months were available 
for the remaining 2004 patients (99%). For four patients 
who were alive at 6 months, but who had not been given 
an mRS score (two in each group), we carried forward the 
mRS score from the last hospital visit at 1 month.

Table 1 shows the baseline characteristics of the 
included patients. Demographic and clinical character-
istics were well balanced between treatment groups, 
except that there were more patients with a history of 
previous stroke or TIA and fewer women in the 
candesartan group than in the placebo group. The mean 
age was 71 years, mean symptom duration before 
randomisation was 18 h, mean SSS score was 41 
(equivalent to a US National Institutes of Health Stroke 
Scale score of 827), and mean blood pressure was 
171/90 mm Hg. 1733 patients (85%) had ischaemic 
stroke, 274 (14%) had haemorrhagic stroke, and 20 (1%) 
did not have a stroke (of whom 13 had TIA).

Compliance with the trial treatment was good throughout 
the treatment period. The mean proportion of patients 
receiving study drugs was 97% in both groups (965 patients 
allocated candesartan, 971 placebo), and of patients taking 
study drugs, 908 (94%) in the candesartan group and 
923 (95%) in the placebo group received the dose 
recommended in the protocol. Treatment with other 
antihypertensive agents was given equally in the two 
groups, including ACE inhibitors (candesartan, 
275 patients, 28%; placebo, 262 patients, 26%). Slightly 
fewer patients in the candesartan group than in the placebo 
group used candesartan during follow-up (688 candesartan 
patients and 730 placebo patients, at 6 months).

Blood pressure fell in both groups during treatment, 
but was signifi cantly lower in patients allocated 
candesartan than in those on placebo (p≤0·001 for 
days 2–7; fi gure 2). On day 7, mean blood pressure was 
147/82 mm Hg (SD 23/14) in the candesartan group and 
152/84 mm Hg (SD 22/14) in the placebo group. The 
mean diff erence in systolic blood pressure on day 7 was 
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Figure 4: Functional status at 6 months’ follow-up
Distribution of mRS scores in the candesartan and placebo groups. mRS=modifi ed Rankin Scale.

Candesartan 
(n=1017)

Placebo 
(n=1012)

Risk ratio 
(95% CI)

p value

Death from any cause 84 (8%) 78 (8%) 1·07 (0·80–1·44) 0·65

Vascular death 63 (6%) 60 (6%) 1·05 (0·74–1·47) 0·80

Ischaemic stroke 58 (6%) 50 (5%) 1·15 (0·80–1·67) 0·44

Haemorrhagic stroke 10 (1%) 8 (1%) 1·24 (0·49–3·14) 0·64

Recurrent stroke (ischaemic, 
haemorrhagic, or unspecifi ed)

69 (7%) 59 (6%) 1·16 (0·83–1·63) 0·38

Myocardial infarction 16 (2%) 11 (1%) 1·45 (0·68–3·10) 0·34

Stroke progression 65 (6%) 44 (4%) 1·47 (1·01–2·13) 0·04

Symptomatic hypotension 9 (1%) 5 (<1%) 1·79 (0·60–5·33) 0·29

Renal failure 18 (2%) 13 (1%) 1·38 (0·68–2·80) 0·37

Symptomatic venous thromboembolism 11 (1%) 6 (1%) 1·82 (0·68–4·91) 0·33

Data are n (%).

Table 3: Secondary events during 6 months’ follow-up

Candesartan 
(n=982)

Placebo 
(n=974)

p value

SSS score at 7 days 51 (38–56) 51 (41–56) 0·13

Barthel index at 6 months 100 (80–100) 100 (85–100) 0·47

Data are median (IQR) or p value. Analysis was by the Mann-Whitney U test. 
SSS=Scandinavian Stroke Scale.

Table 4: Secondary clinical outcomes
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5 mm Hg (95% CI 3–7; p<0·0001) and the mean 
diff erence in diastolic blood pressure was 2 mm Hg 
(1–3; p=0·001). During the 6 months’ follow-up, mean 
blood pressures were similar in the two groups, and at 
6 months the mean blood pressure was 143/81 mm Hg 
in both groups.

Figure 3 shows the analysis of the fi rst co-primary eff ect 
variable, the cumulative risk of the composite endpoint 
of vascular death, stroke, or myocardial infarction. 
Unadjusted analysis of times to fi rst event showed no 
signifi cant diff erence between candesartan and placebo 
(HR 1·09, 95% CI 0·84–1·41; p=0·53). The result of the 
key adjusted analysis was very similar (HR 1·09, 
0·84–1·41; p=0·52; table 2), and a per-protocol analysis 
including 1908 patients did not change the result 
(HR 1·11, 0·85–1·46; p=0·46).

The second co-primary eff ect variable was functional 
outcome as measured by the mRS. Figure 4 shows the 
distribution of mRS scores in the two groups at 6 months. 
In the unadjusted ordinal regression analysis, no 
signifi cant diff erence was seen across the mRS categories 
(OR 1·13, 95% CI 0·97–1·32; p=0·12). The key adjusted 

analysis suggested a shift in favour of placebo (OR 1·17, 
1·00–1·38; p=0·048). A formal goodness-of-fi t test gave 
no evidence that the proportional odds assumption was 
violated (p=0·85), and a per-protocol analysis did not 
aff ect the result (OR 1·19, 1·02–1·41; p=0·032). As a 
sensitivity analysis, we undertook a sliding dichotomy 
analysis using the SSS scores at baseline, which showed 
unfavourable outcomes for 557 (56%) of 1000 patients on 
candesartan and 523 (52%) of 1004 patients on  placebo 
(OR 1·16, 95% CI 0·97–1·38, p=0·11; risk ratio [RR] 1·07, 
95% CI 0·99–1·16, p=0·11). We also did a conventional 
fi xed dichotomy analysis (mRS 3–6 vs 0–2) and found 
unfavourable outcomes for 348 (35%) of 1000 patients on 
candesartan and 331 (33%) of 1004 patients allocated 
placebo (adjusted OR 1·12, 0·90–1·41, p=0·32; RR 1·06, 
0·93–1·19, p=0·39).

Table 3 shows the numbers of the other prespecifi ed 
clinical events during the 6 months’ follow-up, and 
fi gure 3 shows the cumulative risk of all-cause death 
during follow-up. For all events (death from any cause, 
vascular death, ischaemic stroke, haemorrhagic stroke, 
all strokes, myocardial infarction, stroke progression, 
symptomatic hypotension, renal failure, and symptomatic 
venous thromboembolism) there were small, non-
signifi cant diff erences in favour of placebo, although the 
diff erence was larger for stroke progression (RR 1·47, 
95% CI 1·01–2·13; p=0·04). For the secondary clinical 
outcomes, SSS score at 7 days and Barthel index at 
6 months, there were no signifi cant diff erences between 
the groups (table 4). The trial did not screen systematically 
for other adverse events, but for the adverse events 
reported by the investigators there were no signifi cant 
diff erences between the groups (data not shown).

There was no evidence of a diff erential eff ect in any of 
the prespecifi ed subgroups (fi gure 5). For the subgroup 
of patients treated very early (<6 h), there was a benefi t 
with candesartan, but only on the composite vascular 
endpoint, and the interaction was not signifi cant 
(p=0·08). A post-hoc analysis based on an assumption 
of a linear trend for the eff ect of time to treatment 
yielded an interaction p value of 0·02 for the composite 
vascular endpoint.

Finally, we did a meta-analysis of all randomised 
controlled trials of blood-pressure lowering drugs in 
acute stroke. We selected trials of more than 100 patients 
and assessed the eff ect on death or dependency (mRS 
score ≥3), using a conventional fi xed dichotomy approach 
(fi gure 6). Overall, there was no evidence of a benefi cial 
eff ect on functional outcome (RR 1·04, 95% CI 0·97–1·12; 
p=0·30).

Discussion
In this trial, we noted no benefi cial eff ect of blood-
pressure lowering treatment with the angiotensin-
receptor blocker candesartan in patients with acute stroke 
and raised blood pressure. For functional outcome, one 
of the two co-primary eff ect variables, the distribution of 
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mRS scores at 6 months was less favourable for patients 
treated with candesartan than for those on placebo, but 
the diff erence was not signifi cant because the 
p value (0·048) was greater than the threshold of 0·025 
required to defi ne signifi cance when two co-primary 
eff ect variables are used. For the other co-primary eff ect 
variable, the composite vascular endpoint, there was also 
no signifi cant diff erence between the treatment groups.

The results for both co-primary eff ect variables were 
consistent across the prespecifi ed subgroups. 
Importantly, the results were similar for all levels of 
blood pressure, and for both ischaemic and haemorrhagic 
stroke. The group with haemorrhagic stroke was small 
(274 patients), and small benefi cial eff ects of blood-
pressure lowering treatment can therefore not be ruled 
out in this group. An ongoing trial, INTERACT2,37 is 
testing whether intensive lowering of blood pressure is 
benefi cial in these patients, as was suggested by the 
INTERACT pilot study.36 For the subgroup of patients 
treated very early (<6 h), there was a benefi t for treatment 
with candesartan, but only on vascular events. There was 
no statistical evidence to suggest that this fi nding was 
attributable to anything other than chance (p value for 
interaction=0·08).

The trial result is compatible with the results of 
previous trials of blood-pressure lowering drugs in acute 
stroke (panel), as illustrated in the accompanying 

meta-analysis. Overall, there was no evidence of a 
benefi cial eff ect on functional outcome. However, 
although heterogeneity was not present statistically, we 
cannot rule out that diff erent blood-pressure lowering 
drugs have diff erent eff ects on outcome after acute 
stroke. Two large trials are further assessing the eff ect of 
lowering of blood pressure in acute ischaemic (ENOS) 
and haemorrhagic stroke (ENOS, INTERACT2).37,38

Trials of primary and secondary prevention have shown 
that angiotensin-receptor blockers prevent stroke more 
eff ectively than can be expected from their blood-pressure 
lowering eff ects alone.14,16,39 In acute stroke, experimental 
studies11,12 have also suggested specifi c neuroprotective 
eff ects, and ACCESS13 suggested that candesartan given 
to patients with acute ischaemic stroke and high blood 
pressure reduces vascular events without aff ecting blood 
pressure. Importantly, candesartan did not aff ect 
functional outcome, which was the primary eff ect variable 
in ACCESS. ACCESS was a small trial that was stopped 
prematurely on the basis of an interim analysis. The 
eff ect on vascular events could therefore be a false 
positive fi nding. Together, ACCESS and SCAST raise 
doubts over the hypothesis of a specifi c eff ect of 
angiotensin-receptor blockade in acute stroke.

Treatment with candesartan was associated with an 
increased risk of poor functional outcome compared with 
placebo with a p value of 0·048, and the directions of the 
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shifts were consistent for all levels of disability on the 
mRS. This fi nding should not be regarded as statistically 
signifi cant, because of the more stringent signifi cance 
level required when two co-primary eff ect variables are 
used. However, for all the secondary eff ect variables there 
was also a small, non-signifi cant increase in risk for 
patients treated with candesartan, and the data for the 
composite vascular endpoint, although the diff erence 
between groups is far from statistically signifi cant, also 
favour placebo. Taken together, these fi ndings might 
suggest that blood-pressure lowering treatment in acute 
stroke confers risks. We used a low loading dose of 
candesartan, but a small eff ect on blood pressure was 
seen already on day 2, and a modest blood-pressure 
reduction was seen from day 4 onwards.

SCAST was a large randomised controlled trial with 
masked assessments of outcomes, independent and 
masked adjudication of events, and near complete follow-
up, and we believe that the trial has high internal validity. 
This conclusion is supported by the consistency of the 
results, in both co-primary eff ect variables, in all subgroups, 
and in all the secondary eff ect variables. Furthermore, we 
believe that the trial has high external validity and that the 
results can be generalised to a more general population of 
stroke patients. The trial was undertaken across many 
centres in nine countries, the patients included were 
similar to those admitted to many stroke services, and the 
screening logs show that patients were excluded for 
reasons that are common in clinical practice. The trial was 
closed to accrual earlier than planned and did not reach the 
original target of 2500 patients, but the decision to stop 
recruitment was made purely on administrative grounds, 
without knowledge of the data. As we have discussed, the 
decision to adopt an ordinal approach to the analysis of 
functional outcome means that even though recruitment 
did not reach the target of 2500 patients, the achieved 
statistical power for this eff ect variable exceeded its original 

target.23,24 This gain in statistical effi  ciency is apparent 
when one compares the results of the conventional 
dichotomous analysis with the results of the ordinal 
regression analysis.

The gain in statistical sensitivity is a major strength of 
the ordinal regression analysis. This gain needs to be 
weighed against the unfamiliarity of the method to many 
readers of clinical trials reports, and the lack of an 
intuitive interpretation of the common odds ratio.24 
Indeed there is a risk of misinterpretation if a reader 
wrongly interprets the common odds ratio as a risk 
ratio.24 Another limitation of the analysis is that the 
assumption has to be met that the underlying odds ratios 
are the same for each step on the mRS.

In conclusion, we showed no evidence of a benefi cial 
eff ect of careful blood-pressure lowering treatment with 
an angiotensin-receptor blocker in patients with acute 
stroke and raised blood pressure. Instead, for most of the 
eff ect variables, treatment with candesartan was associated 
with a non-signifi cant increased risk. Ongoing trials will 
help to clarify whether this fi nding is generalisable or 
whether there are subgroups of patients or diff erent 
approaches to blood-pressure management for which a 
treatment benefi t can be obtained. Until these trials have 
been completed, we see no place for routine blood-
pressure lowering treatment in the acute phase of stroke.

Contributions
All authors contributed to the interpretation of the data and contributed 

to the writing of the report. ECS was trial manager, collected and analysed 

the data, and wrote the fi rst draft of the report. GB, DJ, JK, SL, PSR, ROR, 

AT, and VT were national coordinating investigators during the trial. 

PMWB was the responsible for the meta-analysis. GDM was trial 

statistician and responsible for the analysis of data. EB was trial 

coordinating investigator and coordinated the writing of the report.

Confl icts of interest
Some of the authors have previously received payment from 

pharmaceutical companies, but all of these activities were unrelated to 

the submitted work. PMWB has received payment for lectures from 

Boehringer Ingelheim, payment for board membership and expenses 

related to meetings from Boehringer Ingelheim and Lundbeck, and has 

accepted support to his institution for academic trials from Boehringer 

Ingelheim. SL has received payment for lectures from Sanofi -Aventis, 

Novartis, Solvay MSD, and AstraZeneca. AT has accepted support to his 

institutions for academic trials from AstraZeneca. VT has received 

payment for lectures from Abbott and Takeda, payment to his institution 

for board membership from Shire, Boehringer Ingelheim, Sygnis, and 

MSD Belgium, and expenses related to meetings from Shire and 

Boehringer Ingelheim. EB has received payment for lectures from 

AstraZeneca and payment for board membership and expenses related 

to meetings from Bayer Healthcare. All other authors declare that they 

have no confl icts of interest.

Acknowledgments
The sponsor of the trial was Oslo University Hospital Ullevål. We thank 

all patients who participated in the trial and the many collaborators at 

the participating centres; AstraZeneca for study drugs and economic 

grants; the South-Eastern Norway Regional Health Authority and Takeda 

for economic grants; P Hasvold and A Ljunggren for continuous 

support; and S Berge, T Hamre, I Hedegaard, E Jonsson, E Marcelis, and 

M Torp for secretarial assistance.

The SCAST Study Group
Trial coordinating centre: trial managers R Aakvik (2004–06), 

H M S Thorud (2006), R S Iuell (2007), D Aarhus (2007), 

E C Sandset (2008–10); trial secretaries P Söderblom (2004–06), 

Panel: Research in context

Meta-analysis
We did a meta-analysis of all randomised controlled trials of 
blood-pressure lowering drugs in acute stroke that included 
more than 100 patients and assessed the eff ect on death or 
dependency (modifi ed Rankin Scale score ≥3; fi gure 6). 
Overall, there was no evidence of a benefi cial eff ect on 
functional outcome.

Interpretation
Our results showed no benefi cial eff ect of blood-pressure 
lowering treatment with the angiotensin-receptor blocker 
candesartan in patients with acute stroke and raised blood 
pressure. This result is fully compatible with that of the meta-
analysis. Other trials are ongoing, but until these trials have 
been completed we see no place for routine blood-pressure 
lowering treatment in the acute phase of stroke.



Articles

www.thelancet.com   Vol 377   February 26, 2011 749

E L Nilsen (2006–09), M B Hamre (2007–09); IT consultants 
D Perry (2005–10), J Thomassen (2006–10); trial coordinating 
investigator E Berge.

Trial steering committee: P M Sandset (chairman), G Andersen, 

P M W Bath, E Berge, G Boysen, B Carlberg, P Desfontaines, 

B Indredavik, H K Iversen, D Jatuzis, S E Kjeldsen, J Kõrv, 

A Lindgren, S Lüders, G D Murray, P S Richter, R O Roine, D Russell, 

E C Sandset, J Schrader, A Terént, V Thijs, L Thomassen, G Vanhooren, 

N G Wahlgren, T B Wyller; representatives from AstraZeneca 

(non-voting): A Fransson, P Hasvold, B Karlson, B Springer.

Event adjudication committee: S Strandgaard (chairman), S Husted, 

R Salvesen.

Data monitoring committee: T R Pedersen (chairman), P A G Sandercock, 

H Wedel.

Institutions (with numbers of patients and names of principal investigators): 
Belgium Cliniques Universitaires Saint Luc (55, A Peeters), CHC 

Clinique de l’Espérance (22, P Desfontaines), AZ Sint Jan 

(22, G Vanhooren), AZ Sint Blasius (21, E Van Buggenhout), AZ Klina 

(11, K Merlevede), UZ Leuven (8, V Thijs), Sint Augustinus 

(6, W Van Landegem), AZ Sint Lucas (2, N Libbrecht), 

Virga Jesse ZH Hasselt (1, N Deklippel); Denmark Århus 

Universitetshospital (33, G Andersen), Bispebjerg Hospital 

(23, L L Jeppesen), Roskilde Sygehus (14, K Ellemann), Viborg Sygehus 

(13, M Z Oskoie), Landssjukrahusid (12, J á Steig, B á Steig), Glostrup 

Hospital (11, H K Iversen), Fredericia Sygehus (7, U Søsted), Holbæk 

Sygehus (5, A M Ali), Kolding Sygehus (5, A M Dorph-Petersen), 

Randers Centralsygehus (5, O Davidsen), Holstebro Centralsygehus 

(3, K Geisler), Haderslev Sygehus (2, O Rasmussen), Sygehus 

Vendsyssel, Frederikshavn (2, O Groth), Sygehus Vendsyssel, Hjørring 

(1, N Svaneborg), Frederiksberg Hospital (1, A Heick); Estonia Tartu 

University Hospital (23, J Kõrv), West Tallinn Central Hospital 

(20, K Gross-Paju), North Estonia Medical Centre (16, A Kreis), Pärnu 

Hospital (16, K Antsov), Viljandi Hospital (5, V Brin); Finland Helsinki 

University Central Hospital (17, M Kaste), Keski-Pohjanmaa Central 

Hospital (1, S Tuisku); Germany Klinikum Bremerhaven Reinkenheide 

(24, M von Mering), Klinikum Bremen Mitte (16, M Ebke, A Schroeter), 

Alfried Krupp Krankenhaus (16, P Berlit), J W Goethe-Universität 

Frankfurt am Main (11, T Neumann-Haefelin), Martin Luther Universität 

(10, S Zierz), Neurologische Universitätsklinik Essen (8, H C Diener), 

St Josef’s Hospital Cloppenburg (7, S Lüders), Martin Gropius 

Krankenhaus (7, A Grüger), Krankenhaus der Barmherzigen Brüder 

Trier (6, M Maschke), Universitätklinikum Ulm (4, R Huber), 

Krankenhaus Martha-Maria Halle-Dölau (3, F Hoff mann), Rhön 

Klinikum (3, B Griewing), Medizinische Hochschule Hannover 

(3, K Weissenborn), Heinrich Braun Krankenhaus (2, S Merkelbach), 

Städtisches Krankenhaus Wertheim (2, O Schuster), Klinikum 

Dortmund (2, G Rudel), Klinikum Altenburger Land (1, J Berrouschot); 

Lithuania Klaipėda City Hospital (70, H Kazlauskas), Plungė Hospital 

(30, R Doviltis), Vilnius University Santariskiu Klinikos Hospital 

(13, D Jatužis), Mažeikiai Hospital (11, V Neverdauskas), Šiauliai 

Hospital (10, S Ščeponavičiūtė), Klaipėda Jūrininkų Hospital 

(8, R Urbutis), Vilnius University Emergency Hospital (7, A Vilimas), 

Marijampolė Hospital (6, I Jasionienė), Alytus S Kudirkos Hospital 

(4, K Juknelis), Panevėžys Hospital (1, L Masiliunas), Utena Hospital 

(1, R Balkaitienė); Norway Sykehuset Innlandet Lillehammer 

(50, Ø Asak, N Holand), Sykehuset Østfold Moss (20, A B Spenning), 

Sykehuset Innlandet Kongsvinger (20, T Asak), Sørlandet sykehus 

Flekkefjord (20, V Andersen, J Siemsglüss), Oslo universitetssykehus 

Ullevål (19, Y Rønning), Sykehuset Innlandet Gjøvik (19, H Øverlie), 

St Olavs hospital, Avdeling for hjerneslag (19, B Indredavik), St Olavs 

hospital, Nevrologisk avdeling (19, H J Johnsen, T Johansen), 

Helgelandssykehuset Sandnessjøen (19, M Louring), Sykehuset i 

Vestfold Tønsberg (18, S B Krogseth), Helse Nord-Trøndelag Sykehuset 

Namsos (18, S Schüler), Sykehuset Telemark Notodden 

(16, A G Øverbø), Vestre Viken Drammen Sykehus (15, M Undeland), 

Nordlandssykehuset Vesterålen (15, F Larssen-Aas), Oslo 

universitetssykehus Aker (14, S Vatn), Helse Sunnmøre Ålesund 

sjukehus (14, P T Vadset), Universitetssykehuset Nord-Norge Narvik 

(14, A Fossli), Universitetssykehuset Nord-Norge Tromsø (14, S Jensen, 

K Janusonyte), Lovisenberg diakonale sykehus (13, P Drottning), 

Nordlandssykehuset Bodø (13, R Salvesen), Helse Førde Nordfjord 

sykehus (13, H Berg), Sørlandet sykehus Kristiansand (12, A Tveiten), 

Helgelandssykehuset Mo i Rana (12, D O Aanderbakk), Vestre Viken 

Kongsberg sykehus (10, T Reiten), Helse Nordmøre og Romsdal 

Kristiansund sykehus (9, A G Midtsæther), Helse Bergen Voss 

sjukehus (9, S Elmquist), Sykehuset Telemark Rjukan (8, O Øygarden), 

Universitetssykehuset Nord-Norge Harstad (8, O K Andersen), 

Stavanger universitetssykehus (7, T Solbakken), Sørlandet sykehus 

Arendal (7, R Solhoff ), Helse Sunnmøre Volda sjukehus 

(7, M L Lillebø), Helse Nord-Trøndelag Sykehuset Levanger 

(7, K Lindqvist), Akershus universitetssykehus (6, O M Rønning), 

Sykehuset Telemark Skien (6, H Tobro), Nordlandssykehuset Lofoten 

(6, B Størslett), Diakonhjemmet sykehus (5, E E Solberg), 

Helgelandssykehuset Mosjøen (5, R Berntsen), Haraldsplass diakonale 

sykehus (4, SP Nore), Helse Fonna Stord sjukehus (4, P Reichel), Helse 

Førde Sentralsjukehuset (4, S E Hegrestad), Vestre Viken Bærum 

sykehus (3, G V Knutsen), Haukeland universitetssykehus 

(3, L Thomassen), Oslo universitetssykehus Rikshospitalet (2, A Dahl), 

Vestre Viken Ringerike sykehus(1, J Ibsen), Helse Nordmøre og 

Romsdal Molde sjukehus (1, Å H Morsund), Helse Finnmark 

Hammerfest sykehus (1, A Kristensen); Poland Wojewódki Hospital 

(52, G Krychowiak), SPZZOZ Sandomierz (37, P Sobolewski), Szpital 

Specjalistyczny Konskie (36, W Brola), Instytut Psychiatrii i Neurologii 

(35, P S Richter), Akademickie Centrum Kliniczne Akademii 

Medycznej w Gdansku (21, D Gasecki), Miedzyleski Szpital 

Specjalistyczny w Warszawie (14, J Zaborski), SPZZOZ w Dzialdowie 

(10, M Zalisz), Szpital Specjalistyczny Jaslo (6, S Kosiek); Sweden 
Köpings lasarett (104, M Kwiatkowska), Länssjukhuset Ryhov 

(63, O Lannemyr), Sahlgrenska universitetssjukhuset, 

Neurologkliniken (62, J E Karlsson), Alingsås lasarett (62, B Eklund), 

Danderyd sjukhus (47, A C Laska), Akademiska sjukhuset 

(38, B Wiberg), Karolinska universitetssjukhus, Neurologmottagningen 

R 54 (30, K Kostulas), Sahlgrenska universitetssjukhuset, 

Medicinkliniken (26, T Almgren), Piteå Älvdal sjukhus 

(25, I Nordström), Kalix lasarett (22, T Erikoinen), Karolinska 

universitetssjukhus, Geriatriska kliniken (20, J Lökk), Västerviks 

sjukhus (20, T Wallén), Lasarettet i Värnamo (13, M B Axelsson), 

Hässleholms sjukhus (12, I Timberg), Universitetssjukhuset Lund 

(8, A Lindgren), Gällivare lasarett (8, U Bolsöy), Östersunds sjukhus 

(8, M Gibson), Ängelholms sjukhus (7, B Eriksson), Lasarettet i 

Enköping (6, M Wiklund), Landskrona lasarett (5, E Ask), S/U Östra 

sjukhuset (5, P O Hansson), Länssjukhuset i Kalmar (4, K Janiec), 

Höglandssjukhuset Eksjö (4, L C Pähn), Vrinnevisjukhuset (4, H Mitry), 

Karolinska universitetssjukhus, Neurologmottagningen R2:03 

(3, N G Wahlgren), Lindesbergs lasarett (3, M Gunnarsson), St Görans 

sjukhus (2, B Höjeberg), Lasarettet i Motala (2, U Rosenqvist), Visby 

lasarett (2, H Wannberg), Sollefteå sjukhus (2, A C Åkerstedt), 

Södertälje sjukhus (1, L Dahlin), Centralsjukhuset i Kristianstad 

(1, R Svensson), Lasarettet i Skene (1, P Borenstein).

References
1 Qureshi AI, Ezzeddine MA, Nasar A, et al. Prevalence of elevated 

blood pressure in 563,704 adult patients with stroke presenting to 
the ED in the United States. Am J Emerg Med 2007; 25: 32–38.

2 Leonardi-Bee J, Bath PM, Phillips SJ, Sandercock PA. Blood 
pressure and clinical outcomes in the International Stroke Trial. 
Stroke 2002; 33: 1315–20.

3 Willmot M, Leonardi-Bee J, Bath PM. High blood pressure in acute 
stroke and subsequent outcome: a systematic review. Hypertension 
2004; 43: 18–24.

4 Qureshi AI. Acute hypertensive response in patients with stroke: 
pathophysiology and management. Circulation 2008; 118: 176–87.

5 Geeganage C, Bath PM. Vasoactive drugs for acute stroke. 
Cochrane Database Syst Rev 2010; 7: CD002839.

6 Adams HP Jr, del Zoppo G, Alberts MJ, et al. Guidelines for 
the early management of adults with ischemic stroke: a guideline 
from the American Heart Association/American Stroke Association 
Stroke Council, Clinical Cardiology Council, Cardiovascular 
Radiology and Intervention Council, and the Atherosclerotic 
Peripheral Vascular Disease and Quality of Care Outcomes in 
Research Interdisciplinary Working Groups: The American 
Academy of Neurology affi  rms the value of this guideline as an 
educational tool for neurologists. Circulation 2007; 115: e478–534.



Articles

750 www.thelancet.com   Vol 377   February 26, 2011

7 The European Stroke Organisation (ESO) Executive Committee 
and the ESO Writing Committee. Guidelines for management 
of ischaemic stroke and transient ischaemic attack 2008. 
Cerebrovasc Dis 2008; 25: 457–507.

8 Broderick J, Connolly S, Feldmann E, et al. Guidelines for the 
management of spontaneous intracerebral hemorrhage in adults: 
2007 update: a guideline from the American Heart Association/
American Stroke Association Stroke Council, High Blood Pressure 
Research Council, and the Quality of Care and Outcomes in Research 
Interdisciplinary Working Group. Circulation 2007; 116: e391–413.

9 Strandgaard S. Autoregulation of cerebral circulation in 
hypertension. Acta Neurol Scand 1978; 57 (suppl 66): 1–82.

10 Wahlgren NG, MacMahon DG, De Keyser J, Indredavik B, 
Ryman T. Intravenous Nimodipine West European Stroke Trial 
(INWEST) of Nimodipine in the Treatment of Acute Ischaemic 
Stroke. Cerebrovasc Dis 1994; 4: 204–10.

11 Fagan SC, Kozak A, Hill WD, et al. Hypertension after experimental 
cerebral ischemia: candesartan provides neurovascular protection. 
J Hypertens 2006; 24: 535–39.

12 Kozak W, Kozak A, Johnson MH, Elewa HF, Fagan SC. Vascular 
protection with candesartan after experimental acute stroke in 
hypertensive rats: a dose-response study. J Pharmacol Exp Ther 
2008; 326: 773–82.

13 Schrader J, Luders S, Kulschewski A, et al. The ACCESS Study: 
evaluation of Acute Candesartan Cilexetil Therapy in Stroke 
Survivors. Stroke 2003; 34: 1699–703.

14 Dahlöf B, Devereux RB, Kjeldsen SE, et al, for the LIFE study 
group. Cardiovascular morbidity and mortality in the Losartan 
Intervention For Endpoint reduction in hypertension study (LIFE): 
a randomised trial against atenolol. Lancet 2002; 359: 995–1003.

15 Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Eff ects 
of an angiotensin-converting-enzyme inhibitor, ramipril, on 
cardiovascular events in high-risk patients. The Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med 2000; 
342: 145–53.

16 Lithell H, Hansson L, Skoog I, et al. The Study on Cognition and 
Prognosis in the Elderly (SCOPE): principal results of a randomized 
double-blind intervention trial. J Hypertens 2003; 21: 875–86.

17 Sandset EC, Murray G, Boysen G, et al. Angiotensin receptor 
blockade in acute stroke. The Scandinavian Candesartan Acute 
Stroke Trial: rationale, methods and design of a multicentre, 
randomised- and placebo-controlled clinical trial (NCT00120003). 
Int J Stroke 2010; 5: 423–27.

18 Lindenstrøm E, Boysen G, Christiansen LW, Hansen BR, 
Nielsen PW. Reliability of Scandinavian Neurological Stroke Scale. 
Cerebrovasc Dis 1991; 1: 103–07.

19 Bonita R, Beaglehole R. Modifi cation of Rankin Scale: recovery 
of motor function after stroke. Stroke 1988; 12: 1497–500.

20 Declaration of Helsinki. Ethical principles for medical research 
involving human subjects. J Indian Med Assoc 2009; 107: 403–05.

21 Loewen SC, Anderson BA. Predictors of stroke outcome using 
objective measurement scales. Stroke 1990; 21: 78–81.

22 Berge E, Barer D. Could stroke trials be missing important 
treatment eff ects? Cerebrovasc Dis 2002; 13: 73–75.

23 Bath PM, Gray LJ, Collier T, Pocock S, Carpenter J. Can we improve 
the statistical analysis of stroke trials? Statistical reanalysis of 
functional outcomes in stroke trials. Stroke 2007; 38: 1911–15.

24 McHugh GS, Butcher I, Steyerberg EW, et al. A simulation study 
evaluating approaches to the analysis of ordinal outcome data in 
randomized controlled trials in traumatic brain injury: results from 
the IMPACT Project. Clin Trials 2010; 7: 44–57.

25 Murray GD, Barer D, Choi S, et al. Design and analysis of phase III 
trials with ordered outcome scales: the concept of the sliding 
dichotomy. J Neurotrauma 2005; 22: 511–17.

26 Hochberg Y. A sharper Bonferroni procedure for multiple tests 
of signifi cance. Biometrika 1988; 75: 800–02.

27 Gray LJ, Ali M, Lyden PD, Bath PM. Interconversion of the National 
Institutes of Health Stroke Scale and Scandinavian Stroke Scale in 
acute stroke. J Stroke Cerebrovasc Dis 2009; 18: 466–68.

28 Barer DH, Cruickshank JM, Ebrahim SB, Mitchell JRA. Low dose 
beta blockade in acute stroke (BEST trial): an evaluation. BMJ 1988; 
296: 737–41.

29 Azcona A, Lataste X. Isradipine in patients with acute ischaemic 
cerebral infarction. Drugs 1990; 40 (suppl 2): 52–57.

30 Norris JW, Le Brun LH, Anderson BA. Intravenous nimodipine 
in acute ischaemic stroke. Cerebrovasc Dis 1994; 4: 194–96.

31 Kaste M, Fogelholm R, Erila T, et al. A randomized, double-blind, 
placebo-controlled rial of nimodipine in acute ischemic 
hemispheric stroke. Stroke 1994; 25: 1348–53.

32 Limburg M, Horn J, Vermeulen M, for the VENUS Group. VENUS: 
Very Early Nimodipine Use in Stroke. Stroke 1995; 26: 353 (abstr).

33 Squire IB, Lees KR, Pryse-Phillips W, Kertesz A, Bamford J. The 
eff ects of lifarizine in acute cerebral infarction: a pilot safety study. 
Cerebrovasc Dis 1996; 6: 156–60.

34 Ahmed N, Nasman P, Wahlgren NG. Eff ects of intravenous 
nimodipine on blood pressure and outcome after acute stroke. 
Stroke 2000; 31: 1250–55.

35 IMAGES investigators. Magnesium for acute stroke (intravenous 
magnesium effi  cacy in stroke trial): randomised controlled trial. 
Lancet 2004; 363: 439–45.

36 Anderson CS, Huang Y, Wang JG, et al, for the INTERACT 
Investigators. Intensive blood pressure reduction in acute cerebral 
haemorrhage trial (INTERACT): a randomised pilot trial. 
Lancet Neurol 2008; 7: 391–99.

37 Delcourt C, Huang Y, Wang J, et al. The second (main) phase of an 
open, randomised, multicentre study to investigate the eff ectiveness 
of an intensive blood pressure reduction in acute cerebral 
haemorrhage trial (INTERACT2). Int J Stroke 2010; 5: 110–16.

38 Glyceryl trinitrate vs. control, and continuing vs. stopping 
temporarily prior antihypertensive therapy, in acute stroke: rationale 
and design of the Effi  cacy of Nitric Oxide in Stroke (ENOS) trial 
(ISRCTN99414122). Int J Stroke 2006; 1: 245–49.

39 Schrader J, Luders S, Kulschewski A, et al. Morbidity and Mortality 
After Stroke, Eprosartan Compared with Nitrendipine for Secondary 
Prevention: principal results of a prospective randomized controlled 
study (MOSES). Stroke 2005; 36: 1218–26.


	The angiotensin-receptor blocker candesartan for treatment of acute stroke (SCAST): a randomised, placebo-controlled, double-blind trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


